Markers of cartilage breakdown enable studying the degradation of cartilage matrix in equine joint pathologies. This study was designed to determine the levels of Coll2-1, a peptide of the triple helix of type II collagen, and Coll2-1NO 2 , its nitrated form in the plasma of healthy horses (controls; n = 37) and horses suffering from osteochondrosis (n = 34). Clinical and arthroscopic scores were attributed reflecting the severity of lesions and were related to the plasma levels of Coll2-1 and Coll2-1NO 2 . The median of Coll2-1 was significantly higher in the control group, whereas the mean of Coll2-1NO 2 showed significant elevation in the pathological group. However, the measurement means of scoring classes did not vary significantly. The markers were able to differentiate the group of horses suffering from osteochondrosis from the group of healthy horses. The elevation of Coll2-1NO 2 in the pathological group indicates an inflammation, mediated through reactive oxygen species and/or increased myeloperoxidase activity.
Introduction
Lameness is the most important cause of wastage in horses performing athletic activities. Among the causes of lameness, joint disease is very frequently diagnosed (Todhunter and Lust, 1990) . In growing horses articular osteochondrosis is a major joint pathology with high prevalence and important economic impact. It begins as an abnormal chondrocyte development and maturation, leading to altered endochondral ossification with further damage to the cartilage, resulting in osteochondral lesions or fragmentation and incongruency of the articular cartilage, which might ultimately develop into degenerative arthritis (Jeffcott, 1991; Jeffcott and Henson, 1998) . The pathogenesis of equine osteochondrosis and osteochondral fragmentation remains to be elucidated, although several factors such as genetic predisposition, endocrine dysfunction, nutritional imbalance and deficiencies, focally deficient blood supply, exercise and trauma have been proposed (Douglas, 2003) .
Several research groups have investigated the extracellular matrix of normal growth cartilage (Henson et al., 1996) and compared it to cartilage in osteochondrotic lesions in order to detect molecular changes at this level (Jeffcott and Henson, 1998) . Loss of glycosaminoglycans (Lillich et al., 1997) and decrease of proteoglycan production( Van den Hoogen et al., 1999) in osteochondrotic cartilage have been detected. Alterations of the other major constituent of extracellular cartilage matrix, type II-collagen, have also been noted. In studies with foals fed a copper-deficient diet, decrease in total type II-collagen content (Bridges and Harris, 1988) and reduced levels of type II-collagen cross-links (Hurtig et al., 1993) were found in osteochondrotic lesions.
In human medicine, osteoarthritis and rheumatoid arthritis are common pathologies, both of which are characterised by articular cartilage breakdown. Biochemical and immunological markers of cartilage turnover have been identified and quantified in biological fluids (Lohmander, 1997; Poole, 2003) . Type II-collagen is specific for cartilage and is the most abundant protein in the extracellular matrix, and measurements of its fragments can be taken as a marker of cartilage degeneration. Antibodies that recognize neoepitopes generated through cleavage of the type II-collagen molecule by collagenases have been obtained and used to develop immunological methods to measure type II-collagen degradation in tissues and biological fluids (Garnero et al., 2000; Poole, 2003; Henrotin et al., 2004; Deberg et al., 2005) . Some of these antibodies have been adapted to the equine species and applied in situ to the measurement of type II-collagen breakdown in osteoarthritis (Billingshurst et al., 2001) and in serum to measure the influence of exercise (Billingshurst et al., 2003) as well as to differentiate cartilage degeneration due to strenuous exercise from that due to osteoarthritic pathology (Frisbie et al., 2002) . Until now few studies have used this new technology to investigate type II-collagen breakdown in equine osteochondrosis. Laverty et al. (2002) used an ELISA method to detect the so-called COL2-3/4C short epitope, which is generated on cleavage of the triple helix. They found an increase of this epitope in cartilage explants from osteochondral lesions from the femoro-patellar joint of immature horses. Billingshurst et al. (2004) evaluated the serum concentration of markers of skeletal metabolism and tried to correlate them with the results of radiography as indicators of severity of osteochondrosis in foals. At 5 months of age, the biomarkers of collagen degeneration correlated positively with the severity of macroscopic osteochondral lesion, whereas at 11 months a negative correlation with the severity of lesions and one of the biomarkers was detected.
Other research on the pathophysiological events of cartilage breakdown concerns the role of mediators such as proteolytic enzymes, cytokines and reactive oxygen species (ROS) (Caron, 2003) . ROS have been widely investigated for their role in the pathogenesis of human osteoarthritis (Stichtenoth and Frôlich, 1998; Schiller et al., 2003) , but their role in equine joint pathology has been the subject of very few studies (Dimock et al., 2000; Von Rechenberg et al., 2000) . Dimock et al. (2000) were the first to demonstrate an increased protein carbonyl content of synovial fluid from equine joints with osteochondral fragmentation, suggesting an in situ production of ROS.
In this study, we have used two competitive immunoassays specific for a breakdown product of human type IIcollagen and its nitrated form. Protein nitration results mainly from the reaction of aromatic amino acids with peroxynitrite, a strong oxidant formed by the reaction of nitric oxide ( ) and superoxide anion ( ). In some inflammatory joint diseases, the reactive oxygen species and ( ) are produced by a large number of cells including macrophages and chondrocytes (Henrotin et al., 1993; Henrotin et al., 1998) . Therefore, we have developed and validated two immunoassays allowing the measurement of Coll2-1 and Coll2-1NO 2 in human biological fluids. The first one recognized the amino acids sequence 108 HRGYPGLDG 116 (Coll2-1) and the other recognized its nitrated form, 108 HRGY(NO 2 )PGLDG 116 (Coll 2-1NO 2 ). Coll2-1 and Coll2-1NO 2 have been found to be elevated in sera of patients with knee OA as well as in patients with rheumatoid arthritis (Henrotin et al., 2004; Deberg et al., 2005) . These markers were also measured in urines of a cohort of 75 patients with knee OA corresponding to the placebo arm of a large 3-year, randomized, double-blind study comparing the efficacy of glucosamine sulphate with placebo (Reginster et al., 2001) . At baseline, significant correlations were found between the urinary levels of Coll2-1 and Coll2-1NO 2 and the Global Western Ontario Mc master Universities (WOMAC) algo-functional score. Furthermore, a negative correlation was observed between the first year change of these markers in urines, and the 3-year change of the medial joint space width, suggesting that the increase of these peptides over one year could be predictive of the radiological progression of knee OA (Deberg et al., 2003) . Herein, we describe for the first time the measurement of these peptides in the plasma of horses. An homology of 100% of the sequence (HRGYPGLDG) exists between the human al chain of type II collagen and the equine al chain of type II collagen (Swiss Prot Database, accession number Q28396). We studied two groups of horses, a group suffering from osteochondral lesions and a control group. We categorised the horses into 3 classes following a clinical score according to the severity of symptoms, and following an inflammatory score and a degenerative score according to the lesions seen at arthroscopy. Our first hypothesis was that there should be a significant variation in the serum level of the 2 biomarkers, indicating the biomarker's ability to distinguish between pathological and healthy cases in the equine species. The second hypothesis was that a chronic inflammatory process might play a role in the pathophysiology of osteochondrosis that would lead to an increase of the nitrated collagen-fragment serum level in the pathological group. Our third hypothesis was that the mean marker levels should vary significantly between the horse classes, indicating the biomarker's ability to reflect the severity of the lesions.
Material and method

Animals
The pathological group involved 34 horses of various breeds (mainly warmblood breeds of European countries), age (mean age 3.46 ± 2.4 years) and sex (19 males, 13 females, 2 geldings). The horses were presented to the large animal clinic of the Faculty of Veterinary Medicine at the University of Liège for either lameness investigation or veterinary examination for stallion admission to the Walloon Belgian warmblood studbook (sBs) between July 2002 and January 2004. All of them presented clinical symptoms (joint swelling, lameness, positive flexion test) and/or radiographic signs of osteochondral lesions. The affected articulations were metacarpo-or metatarsophalangeal joint (15 cases), tarsocrural joint (9 cases), femoropatellar joint (9 cases) and scapulohumeral joint (1 case). In 10 of the 34 horses bilateral joints were affected. Informed owner's consent was obtained before enrolling the horse in the study.
The control group included 37 horses of various breeds (mainly warmblood breeds and Ardennes light draught horses), age (mean age 3.52 ± 2.2 years) and sex (17 males, 18 females, 2 geldings). The horses were selected from the European Horse Centre at Mont le Soie and from 2 private stables and presented no clinical or radiographic signs of osteochondral lesions or other orthopaedic problems.
Clinical examination and arthroscopy
A complete physical lameness investigation was performed on all horses from the pathological group by one of the clinicians, using the same standard protocol. The horses underwent a radiographic examination including standard views of the fore and hind fetlocks, stifles and hocks in the case of the stallion admission examination. Views were taken of the localising joint and its opposite contralateral limb in the horses presented for lameness investigation. Horses of this last group were operated on by arthroscopy on the owner's request. The same surgeon carried out all arthroscopies with a 4-mm arthroscope 2 with a 30° fore oblique lens using standard arthroscopic technique as described previously (Nixon, 1987; McIlwraith, 1990a) . Arthroscopies were recorded using a digitalised videocamera. 
Clinical and arthroscopic scores
The records of the lameness investigation and the videotapes of the arthroscopies were reviewed in order to attribute clinical, degenerative and inflammatory scores as follows:
Clinical score. The following 3 clinical symptoms were graded in all horses of the pathological group: degree of lameness: 0-absent, 1-mild or American Association of Equine Practitioner's (AAEP) grade 1, 2-moderate or AAEP grades 2 and 3, 3-severe or AAEP grade 4 and 5; degree of pain on flexion and degree of joint swelling: 0-absent, 1-mild, 2-moderate or 3-severe. The sum of the 3 grades made up the clinical score (0-9).
Inflammatory score. The following 5 parameters of joint inflammation were evaluated on arthroscopy recordings: hyperaemia, petechiation, thickening and increase in villi density, formation of new types of villi and rice bodies, atrophy and flattening with fibrin and adhesion formation, and subsequently graded as 0-absent, 1-mild, 2-moderate, 3-severe and extensive (McIlwraith, 1990b) . The sum of the 5 grades made up the inflammatory score (0-15).
Degenerative score. The cartilage damage was graded as follows: 0-normal, 1-swelling, softening, 2-superficial fibrillation, 3-deep fibrillation down to bone, 4-exposure of subchondral bone (Ayral et al., 1996) . The extent of the lesions was graded as 1-small, localised to the fragment site, 2-focalised in area around fragment site or on other, separate sites, 3-on fragment site as well as on other sites, 4-extensive, including large parts of the articular surface. The sum of the damage grade and the extent grade made up the degenerative score (0-8).
The horses were grouped in 3 classes for each scoring system according to the obtained score (Table 1) . 
Samples
Venous blood samples were obtained from the jugular veins and collected into tubes containing EDTA (1 mg/ ml). They were centrifuged at 7000g for 10 min, the plasma was aliquoted and frozen at -20 °C within 60 min from sampling. Plasma samples were not thawed until assayed.
Coll2-1 and Coll2-1NO 2 immunoassays
These assays are two competitive immunoassays described in details by Henrotin et al. (2004) . Briefly, microplates were coated with 200 µl of streptavidine 0.5 mg/ml during at least 48 h. After washing (buffer washing: Tris 25 mM, NaCl 50 mM, Tween 20, 0.2% (v/v), pH 7.3), microtiter plates were subsequently blocked with 400 µl/well of blocking buffer (KH 2 PO 4 1.5 mM, Na 2 HPO 4 8 mM, KCl 2 mM, NaCl 138 mM, BSA 0.5% (v/v), monohydrate lactose 5.3 g/100 ml (w/v), pH 7.2) for a night at 4 °C. Coll2-1 and Coll2-1NO 2 were conjugated to biotin according to the method described by Rosenquist et al. (1998) . After washing, 100 µl of these biotinylated peptides either Coll2-1 at 2.5 ng/ml or Coll2-1NO 2 at 1.25 ng/ml, were added to each well of streptavidine-coated plates and incubated for 2 h at room temperature. Fifty µl of calibrators (synthetic peptide) or unknown samples, diluted 8-fold in dilution buffer (10 mM phosphate buffer saline (PBS), 138 mM NaCl, 0.7% (w/v) BSA, 0.1% (v/v) Tween 20, pH 7.0, for the Coll2-1 immunoassay and in 50 mM Tris, 138 mM NaCl, 0.7% (w/v) BSA, 0.1% (v/v) Tween 20, pH 8.0, for the Coll2-1NO 2 immunoassay), were applied to the wells, followed by either 100 µl of D3 antibody, diluted 1/40,000 or 100 µl of D37 antiobody, diluted 1/500,000, and incubated 1 h at room temperature. The dilutions of the antisera and of the secondary antibody were done in 10 mM PBS, 138 mM NaCl, 0.2% (w/v) BSA, 0.1% (v/v) Tween 20, pH 7.0, for the Coll2-1 immunoassay and in 50 mM Tris, 138 mM NaCl, 0.2% (v/v) BSA, 0.1% (v/v) Tween 20, pH 8.0, for the Coll2-1NO 2 immunoassay. After washing, 100 µl of peroxidase-conjugated goat antibodies to rabbit IgG, 4 diluted 1/5000, were incubated 1 h at room temperature. After washing, 100 µl of freshly prepared enzyme substrate 5 were added into each well. After 15 min, the reaction was stopped with 100 µl of 4 M H 3 PO 4 . The coloration was read with a microplate reader 6 at 450 nm, corrected for absorbance at 650 nm. Coll2-1 immunoassay did not recognize native type I and II collagens, denaturated type I and II collagens, and BSA. Coll2-1NO 2 immunoassay did not recognize nitrated type I and II collagen, nitrated BSA and the 3-nitro-L-tyrosine residue, but a low cross reactivity of 0.02% with Coll2-1 was observed. The limits of detection were 17 nM and 50 pM for Coll2-1 and Coll2-1NO 2 immunoassays, respectively. For both immunoassays, the coefficients of variation were below 10%. To avoid a matrix effect, the plasma samples should be diluted at least 8-fold. The spiking recovery ranged from 101.8% to 106.5% for Coll2-1 and from 106.2% to 132.2% for Coll2-1NO 2 immunoassays, respectively.
Statistical analyses
All data was analysed using a commercial software program.
7 If tests (Kolmogorov-Smirnov test) showed significant deviation from Gaussian distribution, medians were compared using non-parametric tests (MannWhitney test and Kruskal-Wallis test), otherwise means were compared using t tests. Correlation coefficients between the clinical and arthroscopic scores were established using the non-parametric Spearman's rank correlation. For all tests, a P-value < 0.05 was considered significant. Graphs were constructed using commercial graphic software. 
Results
Coll2-1 and Coll2-1NO 2 concentrations
There was no significant difference between the mean ages of the control group (3.52 ± 2.2 years) and the pathological group (3.46 ± 2.4 years) (P = 0.397).
The median value of the Coll2-1 marker measurements was significantly higher (P < 0.0001) in the control group (1009.7 nM, minimum 366.6 nM, maximum 1534.5 nM) than in the pathological group (580.1 nM, minimum 419.2 nM, maximum 952.2 nM) (Fig. 1a) . On the other hand, the median value of the nitrated peptide (Coll2-1NO 2 ) measurements showed a 2.8-fold elevation (P < 0.0001) in the pathological group (5.06 nM, minimum 0.18 nM, maximum 8.20 nM) as compared to the control group (1.81 nM, minimum 0.87 nM, maximum 4.05 nM) (Fig. 1b) .
Fig. 1. (a) Coll2-1 measurements in horses (n = 37) of the control group and in horses (n = 34) of the pathological group. A highly significant variation of the medians was found (P < 0.0001). (b) Coll2-1NO 2 measurements in horses (n = 37) of the control group and in horses (n = 34) of the pathological group. A highly significant variation of the medians was found (P < 0.0001).
Clinical and arthroscopic scores
The experimental population was stratified according the clinical score. Fifteen horses were included in class 1, 15 in class 2 and 4 in class 3. Of these 34 horses, 16 underwent arthroscopy at request of owners. If bilateral articulations were affected, both were scored and the horse classified according to the higher score. For the degenerative score, 4 horses were included in class 1, 8 in class 2 and 4 in class 3, for the inflammatory score 9 horses were included in class 1, 3 in class 2 and 4 in class 3 ( Table 2) .
The values of the clinical score correlated significantly with the values of the inflammatory score (r = 0.69, P = 0.003), but there was no significant correlation between the clinical score and the degenerative score (r = 0.34, P = 0.19), and the inflammatory score and the degenerative score (r = 0.23, P = 0.40). When evaluating the medians of Coll2-1 and Coll 2-1NO 2 obtained for the 3 classes in each score, there were no significant variations (Table 2) . Parameter grading for each score and class determination according to the total score.
Discussion
Herein, we have investigated the variation of two original biomarkers of type II collagen degradation in horses with osteochondral lesions (OC). Indeed, we found a highly significant difference between the medians in the control group and the pathological group for the 2 markers, confirming our first hypothesis. Coll2-1 is decreased in OC plasma, whereas Coll2-1NO 2 is increased, indicating an uncoupling variation of these two markers. This profile is different to that observed in primary osteoarthritis in humans where Coll2-1 and Coll2-1NO 2 are found to be elevated compared to healthy age-matched subjects (Henrotin et al., 2004) . These findings indicate that Coll2-1 and Coll2-1NO 2 levels in blood are differently modulated in primary osteoarthritis in humans and in osteoarthritis secondary to OC in horse. This discrepancy can be explained by the difference in the pathological process.
The observation that the plasma level of Coll2-1 was lower in the OC group was surprising as it might indicate less type II-collagen breakdown in the cartilage from this group. This result seems also in conflict with earlier studies of equine osteochondrosis using other markers of type II-collagen breakdown, which showed an increase in situ in cartilage explants (Laverty et al., 2002) , or a positive correlation with the severity of osteochondrotic lesions at 5 months age (Billingshurst et al., 2004) . However these 2 studies used immature horses (12 months and less), whereas in our study the mean age of the horses with osteochondral lesions was 3.46 ± 2.4 years. Several studies demonstrated that osteochondrotic lesions developed at a very young age (Shingleton et al., 1997; Dik et al., 1999) , so we can hypothesise that the horses we studied had reached a chronic stage of lesions with secondary degenerative changes. This was clearly reflected by the degenerative score established at arthroscopy: none of the joints had a score of 0. In these chronic stages, most of the cartilage breakdown might already have been completed, resulting in a slowing down of collagen degradation. Interestingly, in the study of Billingshurst et al. (2004) , a loss of correlation with the lesions at 11 months of age was observed for the type IIcollagen-specific marker of degradation, and a negative correlation was found for types I and II-collagen-specific marker of degradation, in contrast to the findings at 5 months of age, as mentioned earlier. This indicates a slowing down of the pathological process even before the age of one year, and could therefore corroborate our results in older animals. On the other hand, studies of endochondral ossification in bovine foetal physeal cartilage have shown an increased degradation of type II-collagen during physiological remodelling Wu et al., 2002) . Therefore, disturbance of the normal process of enchondral ossification and physiological remodelling could also include a decrease in type II-collagen degradation. More studies on the molecular events of osteochondrosis using biomarker-technology are needed to further elucidate its pathophysiology. The lower plasma level of Coll2-1 in the OC-group might also be due to a higher excretion rate or due to an increased retention in matrix. Although these possibilities seem less likely, measurements of urine marker levels as well as in situ measurements using immunohistochemical techniques would be interesting in order to exclude them as potential pathogenic mechanisms.
Our second hypothesis that the nitrated marker should be increased in the horses with osteochondral lesions was equally confirmed. This result could provide evidence of an increased extracellular matrix protein nitration in equine osteochondral lesions, since until recently, nitrotyrosine (NO (2) Tyr) formation has been considered to be a specific marker for protein oxidation by peroxynitrite (ONOO -), an unstable oxidant formed during neardiffusion limited interaction of superoxide ( ) and nitric oxide ) (Baldus et al., 2002; Brennan et al., 2002) . Superoxide anion and nitric oxide productions in chondrocyte and in synovial cultures have been widely demonstrated (Stichtenoth and Frölich, 1998; Henrotin et al., 2003) . However, in recent years other pathways of nitrotyrosine-formation have been suggested. The most frequently discussed alternative mechanism involves myeloperoxidase (MPO)-catalysed tyrosine nitration (Baldus et al., 2002; Brennan et al., 2002; Gaut et al., 2002) . Due to the instability of nitric oxide and peroxynitrite, the former pathway of nitrotyrosine formation must take place near their production site, in our case in the articulation, as the horses did not suffer from an acute or chronic inflammation elsewhere. MPO is a specific enzyme of polymorphonuclear leucocytes (PMN) and is released when these cells are stimulated during inflammatory reactions. Increased MPO activity was observed in antigen-induced arthritis in guinea pigs and was attributed to neutrophils attracted to synovial tissue (Kuwabara et al., 2002) . It has recently been reported that MPO mRNA levels are increased in osteoarthritic chondrocytes (Attur et al., 2002) .
In our study, the nitrated peptide marker was measured in the plasma. Therefore the tyrosine-residue could have been nitrated either in the articulation (either in the cartilage matrix, in the synovial fluid or the synovial membrane), or in the plasma. In order to explore where and through which pathway the tyrosine-residue was nitrated, measurements of the Coll2-1 and the Coll2-1NO 2 marker levels in synovial fluid would be interesting, as well as concomitant measurement of MPO-level in plasma and synovial fluid.
Our last hypothesis, that there should be a significant variation of the marker medians in the 3 classes of the established inflammatory score, degenerative score and clinical score, was not confirmed. However, the medians of Coll2-1 and Coll2-1 showed a general tendency with some exceptions to increase with increasing class number and therefore severity of the lesions. Significance might not have been reached because the sample was too small (n = 16 horses), and it would be interesting to repeat the study on a larger cohort of animals. On the other hand, it is possible that serum measurements might reflect systemic changes in collagen turnover rather than local pathological changes in the signal joint (Lohmander, 1997; Poole, 2003) . Therefore the markers might not correlate well with the degree of lesions observed because they might not reflect joint disease, but rather differences in metabolism that put some horses more at risk of developing osteochondral lesions than others. This point of view warrants further investigation, as endocrine dysfunction and nutritional influences have already been put forward as possible factors in the pathogenesis of osteochondral lesions. Note that the scoring system we used has not yet been validated. The fact that there's a significant correlation between the clinical score and the inflammatory score, but not with the degenerative score, might indicate that the joint inflammation is at the origin of the symptoms rather than the cartilage degradation. Unlike in human arthroscopy, to our knowledge, no validated scoring system exists to date in equine arthroscopy (Ayral et al., 1996) . However, such a validated grading system is absolutely necessary in order to quantify joint damage and test a marker's ability to reflect the degree of joint damage.
In conclusion, the data reported herein suggests that the 2 ELISAs using the biomarkers Coll2-1 and Coll2-1NO 2 are able to reflect alterations in cartilage matrix turnover in horses suffering from osteochondral lesions. It still needs to be established whether the markers are also able to differentiate other joint pathologies. The marker Coll2-1NO 2 clearly demonstrated an increase of collagen fragment nitration and therefore implicated an inflammatory phenomenon in the pathophysiology of osteochondral lesions and secondary degenerative changes. As mentioned above, further studies are needed to elucidate the site and origin of nitration of the marker. To our knowledge this is the first marker described which reflects at the same time both collagen breakdown and inflammation, and would therefore be a very interesting tool to study the pathophysiology of various equine joint diseases.
The scoring system we propose needs to be validated. Furthermore, not only cross-sectional but also longitudinal studies would be of great interest in order to assess the marker's ability to be of prognostic value or to monitor response to various management and treatment protocols.
